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Background: This study evaluated the effect of intravitreal injection of bevacizumab (IVB) 
on macular edema associated with diabetic retinopathy (DME) or branch retinal vein occlusion 
(BRVOME) using laser speckle flowgraphy. 

Methods: A comparative interventional study of 25 eyes from 22 patients with macular edema 
(DME group: 12 eyes; BRVOME group: 13 eyes) who underwent IVB. Mean blur rate (MBR) 
was measured in the retinal artery, retinal vein, optic nerve head (ONH), and choroid before 
and after IVB. 

Results: In the BRVOME group, there was no significant change in MBR in the retinal artery, 
retinal vein or ONH, but choroidal MBR decreased significantly (^=0.04). In the DME group, 
the MBR in the retinal artery, retinal vein, ONH, and choroid decreased significantly (P=0.02, 
^=0.04, P<0.001, and ^=0.04, respectively). In the DME group, pre-IVB MBR in the ONH 
was significantly correlated with post-IVB foveal thickness (R= -0.71, ^=0.002). There was 
no such correlation in the BRVOME group in the ONH. 

Conclusion: IVB had a suppressive effect on circulation in eyes with DME but not in those 
with BRVOME. This suggests that this noninvasive and objective biomarker may be a useful 
part of pre-IVB evaluations and decision-making in DME. 

Keywords: macular edema, mean blur rate, optic nerve head, biomarker, ocular circulation 

Introduction 

Macular edema is one of the main causes of reduced vision in various retinal diseases, 
including diabetic retinopathy (DR) and branch retinal vein occlusion (BRVO). 1 " 4 This 
condition is difficult to treat successfully, even for experienced ophthalmologists. Cur- 
rently, intravitreal injection of bevacizumab (IVB), an anti- vascular endothelial growth 
factor (VEGF) antibody, is one of the most accepted treatments. 58 It can improve vision 
by temporarily blocking VEGF action and subsequently reducing macular edema. 
However, in cases of DR- or BRVO-associated macular edema (DME and BRVOME, 
respectively), the effect of IVB is often insufficient, requiring the treatment to be 
repeated many times. 811 It is not known why the effectiveness of the treatment is poor 
in these cases, as the underlying mechanism of IVB' s ability to reduce macular edema 
is still not well understood. Furthermore, the effect of IVB on retinal circulation is also 
unknown, although there are a few reports that IVB causes a decrease in intraocular 
and systemic circulation. 1213 Particularly, IVB can adversely affect the visual prognosis 
of patients with central retinal vein occlusion and underlying systemic diseases such 
as diabetes, or ischemic heart or cerebrovascular diseases. 1415 
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Ischemic change after any medical intervention is 
ordinarily evaluated with fluorescein angiography, but 
this technique is invasive, can cause severe complications, 
including anaphylactic shock, and its results can be affected 
by time-dependent changes after injection. Recent innova- 
tions in an alternative technique, laser speckle flowgraphy 
(LSFG), have allowed us to quickly and easily monitor 
changes in tissue circulation over time. 1617 The main 
measurement parameter of LSFG, mean blur rate (MBR), 
is an automatically calculated index of ocular blood flow 
derived from the scatter pattern produced when the ocular 
fundus is irradiated with laser light. MBR represents the 
velocity of the blurring in the speckle pattern that is caused 
by blood flow. Measured values of MBR correlate well 
with absolute blood flow values measured with the hydro- 
gen gas clearance and microsphere methods. 1819 Previous 
reports have shown that despite being a relative value, 
MBR can be considered an accurate representation of both 
ocular blood flow and velocity. 20 21 The quality of LSFG 
measurements mainly relies on the clarity of the ocular 
media, but LSFG has already contributed to many recent 
findings in glaucoma research, and is especially useful in 
examining the relationship between glaucoma and ocular 
circulation. 16 ' 22-25 

In this study, we hypothesized that IVB had a different 
effect on ocular blood circulation in DME and BRVOME. We 
evaluated the association between MBR and clinical findings 
in post- IVB eyes in order to reveal the different pathogenesis 
of DME and BRVOME, and to find new biomarkers of post- 
IVB visual prognosis. Thus, our purpose was to evaluate the 
effect of IVB in DME and BRVOME patients by examining 
the association of MBR and clinical findings related to the 
structure and function of the retina. 

Materials and methods 

Setting and design 

This was an institutional, prospective, nonrandomized, inter- 
ventional case series. Subjects were recruited from patients 
referred to the Retina Service of Tohoku University Hospital. 
Intravitreal intervention and follow-up were both performed 
at this clinic. 

Patients 

The study comprised 25 eyes of 22 patients (eleven men 
and eleven women, mean age: 67.5 years) with retinal dis- 
ease (DR group: 12 eyes of nine patients with DR; BRVO 
group: 13 eyes of 13 patients with BRVO) and macular 
edema. 



Each patient provided informed consent for their 
participation in this study as well as for the treatments they 
received. The study was approved by the institutional review 
board of Tohoku University Graduate School of Medicine 
(Protocol No 2013-164; May 17, 2013). The research was 
conducted according to the provisions of the Declaration of 
Helsinki, 1995 (as revised in Edinburgh, 2000). 26 ' 27 

Intervention 

In all eyes, after instillation of topical anesthetic (0.4% 
oxybuprocaine hydrochloride; Benoxil), sterilization of the 
eyelid (10% povidone-iodine Swabstick), and instillation 
of 1.25% povidone-iodine (Isodine), 1.25 mg/0.05 mL of 
bevacizumab (Avastin) was injected into the vitreous cavity 
with a standard pars plana approach (3.5 mm posterior to the 
limbus) using a 30-gauge needle. 

Measurement of clinical findings 

We measured best-corrected visual acuity (BCVA) 
before, 1 week after, and 1 month after IVB. Similarly, we mea- 
sured foveal thickness (FT) before, 1 week after, and 1 month 
after IVB. BCVA was measured with a logMAR chart 
(5 m) (LVC- 1 0; NEITZ Instruments, Tokyo, Japan), and retinal 
thickness was measured with optical coherence tomography 
(OCT) (OCT3000; Carl Zeiss Meditec AG, Jena, Germany). 
The retinal thickness of the central fovea was defined as the 
distance between the inner limiting membrane and the retinal 
pigment epithelium, and was automatically calculated by the 
OCT3000 software. A macular thickness map was made with 
the OCT retinal mapping program from six radial scans inter- 
secting at the fovea. The mean retinal thickness was calculated 
in nine regions: the 1,000 |im central area and the four quad- 
rants of the inner and outer rings. FT was defined as the value 
of the 1,000 jam central area. Blood pressure and intraocular 
pressure (IOP) were measured after 10 minutes of rest. 

Measurement using laser speckle 
flowgraphy 

We measured MBR with the LSFG NAVI system (Softcare 
Co., Ltd., Fukutsu, Japan) before, 1 week after, and 1 month after 
IVB. The measurement conditions were kept constant as fol- 
lows: angle of view, 21°; number of pixels measured, 750x360; 
and laser power, 1 .37 mW. Determination of MBR was made 
with LSFG Analyzer software (version 3.0.47.0; Softcare Co., 
Fukutsu, Japan). We measured four regions: a selected retinal 
artery, a selected retinal vein, the optic nerve head (ONH), and 
the choroid. Measurements for the retinal artery and the retinal 
vein were taken from sites near the ONH (within 1.5 papilla 
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diameters). In patients with BRVOME, blood vessels in 
the quadrant containing the obstruction were not selected in 
order to avoid the influence of the hemorrhage. The mean 
number of samples was 1,013, 1,482.3, and 47,785.2 in the 
retinal artery, the retinal vein, and the ONH, respectively. 
Measurement of the choroid was performed in a square area 
( 1 5 Ox 1 50 pixels; 1 9,479 samples) not containing retinal blood 
vessels, in a temporal location located one papilla diameter 
away from the ONH. Only a single measurement of each 
region was performed. 

Statistical analysis 

Analysis was done with Ekuseru-Toukei 2006 software 
(Social Survey Research Information Co., Ltd., Tokyo, 
Japan). The data are presented as mean ± standard deviation. 
The significance of the difference between pre- and post- 
IVB data was assessed with the Friedman test and Scheffe's 
paired comparison. We also used the Mann- Whitney U test 
to compare characteristics other than sex and optic media 
and clinical findings before and after IVB in the BRVO 
and DR groups. Sex and optic media were compared with 
Fisher's exact test. The Spearman correlation coefficient was 
used to determine the relationship between MBR and FT in 
the ONH. A P- value of less than 0.05 was considered to be 
statistically significant. 

Results 

A comparison of characteristics and findings before and after 
IVB in the BRVOME and DME groups is shown in Table 1 . 
Before IVB, there were no significant differences in age, 
optic media, IOP, or FT between the two groups, but there 
were significant differences in sex distribution and visual 
acuity. After IVB, there was no difference in IOP between 
the two groups, but there was a significant difference in FT. 
FT in the BRVOME group was significantly lower than in 
the DME group 1 month post-IVB. 

BCVA and FT before and after IVB are shown in 
Figures 1 and 2, respectively. MBR in the retinal artery, reti- 
nal vein, ONH, and choroid before and after IVB is shown 
in Figure 3. In the DME group, MBR changed significantly 
in all regions 1 week and 1 month after IVB (retinal artery, 
P=0.02; retinal vein, P=0.04; ONH, P<0.001; and choroid, 
P=0.04). In the BRVOME group, MBR did not change sig- 
nificantly 1 week or 1 month after IVB in any of the measured 
regions (retinal artery, ,P=0.09; retinal vein, P=0.33; ONH, 
P=0.50), except the choroid (P=0.04). 

The relationship between FT and MBR in the ONH of 
the DME group is shown in Figure 4. Pre-IVB MBR in the 



Table I Comparison of characteristics and findings before and 
after intravitreal injection of bevacizumab in groups with branch 
retinal vein occlusion and diabetic retinopathy 



Group 


BRVOME 


DME 


P-value 


Number of eyes 


13 


12 




Age 


71.0+9.6 


63.8+9.2 


0.0565 a 


Sex (M: F) 


(4:9) 


(7:2) 


*0.0402 b 


Optic media 


(11:1) 


(10:3) 


0.3278 b 


(lens: pseudophakia) 








BCVA (logMAR) 








Pre-IVB 


0.8+0.26 


0.41+0.21 


**0.00 1 6 a 


1 week post-IVB 


0.64+0.4 


0.49+0.23 


0.3355 a 


1 month post-IVB 


0.64+0.33 


0.45+0.29 


0. 1 245 a 


IUr (mmng) 








Pre-IVB 


13.6+2.4 


12.8+1.5 


0.2409 a 


1 week post-IVB 


12.1+2.3 


13.4+2.3 


O.I8l8 a 


1 month post-IVB 


12.9+2.1 


12.6+2.2 


0.8062 a 


Foveal thickness (Jim) 








Pre-IVB 


549.8+127.7 


465.7+120.1 


0.0727 a 


1 week post-IVB 


327.5+1 10.1 


396.8+1 16.1 


0.2l08 a 


1 month post-IVB 


270.2+67.9 


408.3+148.6 


**0.0036 a 



Notes: a Mann-Whitney U test; b Fisher's exact test. *P<0.05; **P<0.0 1 . 
Abbreviations: BCVA, best-corrected visual acuity; BRVOME, branch retinal vein 
occlusion-associated macular edema; DME, diabetic macular edema; IOP, intraocular 
pressure; IVB, intravitreal bevacizumab; logMAR, logarithm of the minimum angle 
resolution; M, male; F, female. 



ONH was not correlated with pre-IVB FT (F=0.33), but 
post-IVB MBR in the ONH was correlated with post-IVB 
FT (R= -0.80, P=0.009). Furthermore, pre-IVB MBR in the 
ONH was correlated with post-IVB FT (R= -0.71, P=0.002). 
The relationship between FT and MBR in the ONH of the 
BRVOME group is shown in Figure 5. There were no equiva- 
lent correlations in the ONH of the BRVOME group. 

Representative eyes with DME and BRVOME are shown 
in Figures 6 and 7, respectively. 

Complications arising from IVB, such as endophthalmitis, 
ocular hypertension, retinal detachment, and vitreous hemor- 
rhage, did not occur in any of the patients in this study. 

Discussion 

We set out to investigate the effect of IVB on the retina in 
DME and BRVOME patients, in particular its effect on ocular 
blood flow. We found that in BRVOME patients, there was 
no significant change in MBR in any of the areas measured 
in this study, with the exception of a significant decrease 
in the choroid. In the group of patients with DME, there 
was a significant decrease in MBR in all measured areas. 
Interestingly, however, we observed that pre-IVB MBR in 
the DME patients was significantly correlated with post-IVB 
FT; specifically, higher MBR before IVB was correlated with 
lower FT after IVB. 
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Figure I Best-corrected visual acuity before and after intravitreal injection of bevacizumab. 

Notes: BCVA did not change significantly after I week or I month in the DME group (P=0.34) but did in the BRVOME group (P=0.049), with the most significant 
improvement being I week after IVB (P=0.03); Freidman test compared between three points pre-IVB, I week post-IVB, I month post-IVB; t P<0.05, Scheffe's paired 
comparison compares between groups, *P<0.05. 

Abbreviations: BCVA, best-corrected visual acuity; BRVOME, branch retinal vein occlusion-associated macular edema; DME, diabetic macular edema; IVB, intravitreal 
bevacizumab; logMAR, logarithm of the minimum angle resolution. 



There are no reports on the influence of IVB on intraocu- 
lar microcirculation predating the current study. Our study, 
in which we analyzed the results of only a single injection, 
broadly agrees with existing reports showing that IVB leads 
to a significant improvement in FT and BCVA in patients with 
BRVOME. 5 9 Some earlier papers also found a similar improve- 
ment in patients with DME, 28 30 but our study contradicts such 
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Figure 2 Foveal thickness before and after intravitreal injection of bevacizumab. 
Notes: FT did not change significantly I week or I month after IVB in the 
DME group (P=0.20), but did in the BRVOME group (P<0.00l). FT improved in 
patients with BRVOME both I week and I month after IVB (P=0.007 and P<0.00l, 
respectively); Friedman test compared between three points pre-IVB, I week post- 
IVB, I month post-IVB; tt P<0.0l; Scheffe's paired comparison compared between 
groups, **P<0.0 1 . 

Abbreviations: BRVOME, branch retinal vein occlusion-associated macular edema; 
DME, diabetic macular edema; FT, foveal thickness; IVB, intravitreal bevacizumab. 



findings. The exact reason for this discrepancy is unclear, but it 
may be related to differences in injection times and follow-up 
periods, pre-IVB BCVA, differences in the demographics of 
the DME patients, or the small number of participants in this 
study. One of the most interesting findings of this study, that 
IVB reduces MBR in all regions of the eye in patients with 
DME, has not been previously reported. Previous reports 
on post-IVB ocular circulation used color Doppler imaging 
(CDI) and found that blood flow decreased after IVB in the 
ophthalmic artery, the posterior ciliary artery, and the central 
retinal artery. 12 31 These studies were unable to report on blood 
flow within the eye itself, however, as the intraocular vessels 
are too small to allow CDI to function. Access to LSFG was 
therefore a major advantage of this study since it allowed us to 
directly measure MBR in the retinal vessel, ONH, and choroid 
and confirm the reduction of ocular blood flow in eyes with 
DME. We also observed a decrease in choroidal MBR in the 
BRVOME group, most likely because, as shown in previous 
reports, 32 33 the choroid lacks an autoregulation system and is 
easily affected by exercise. Our findings for the choroid were 
based on measurements taken of the MBR in retinal regions 
lacking large vessels, in accord with established practice for 
LSFG measurement of the choroid. 34 

Another interesting finding of our study was that the lack 
of structural improvement in the DME patients may have been 
related to the decrease in MBR in the ONH observed before 
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Figure 3 Mean blur rate in the retinal artery, retinal vein, optic nerve head, and choroid before and after intravitreal injection of bevacizumab. 

Notes: In patients with DME, a comparison of MBR values before, I week after, and I month after IVB revealed significant changes in all measured regions (retinal artery, 
P=0.02; retinal vein, P=0.04; ONH, P<0.00l; and choroid, P=0.04). MBR after I week fell significantly in the retinal artery by 10.6% (P=0.03) and in the ONH by 7.27% 
(P=0.049). MBR after I week also fell by 1 4.8% (P=0. 1 9) in the retinal vein and by 6.97% (P=0. 1 5) in the choroid, but these differences were not significant. MBR after I month 
fell significantly in the retinal vein by 17.3% (P=0.049) and in the ONH by 17.1% (P<0.00l). MBR after I month also fell by 14.7% in the retinal artery (P=0.08) and 16.7% in 
the choroid (P=0.06), but these differences were not significant. In patients with BRVOME, a comparison of MBR values before, I week after, and I month after IVB revealed 
a significant change only in the choroid (P=0.04). Significant changes in MBR were not observed in the retinal artery (P=0.09), retinal vein (P=0.33), or the ONH (P=0.50). 
Significant changes in blood flow were not found after I week in any of the measured regions (retinal artery, P=0.39; retinal vein, P=0.84; ONH, P=0.50; and choroid, P=0.09). 
Furthermore, significant changes were not found in blood flow after I month in any of the measured regions (retinal artery, P=0. 10; retinal vein, P=0.67; ONH, P=0.84; and 
choroid, P=0.07). Finally, significant changes were not found when comparing blood flow I week and I month after IVB in any of the regions (retinal artery, P=0.73; retinal 
vein, P=0.33; ONH, P=0.84; and choroid, P=l.00); Friedman test compared between points pre-IVB, I week post-IVB, I month post-IVB; +P<0.05, tf P<0.0l; Scheffe's paired 
comparison compares between groups, *P<0.05, **P<0.0 1 . 

Abbreviations: BRVOME, branch retinal vein occlusion-associated macular edema; DME, diabetic macular edema; IVB, intravitreal bevacizumab; MBR, mean blur rate; 
ONH, optic nerve head. 
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Figure 4 Relationship between foveal thickness and mean blur rate in eyes with diabetic macular edema. 

Notes: Pre-IVB MBR was not correlated with pre-IVB FT (P=0.33) (A). However, post-IVB MBR was correlated with post-IVB FT (R= 
pre-IVB MBR was correlated with post-IVB FT (R= -0.7 1, P=0.002) (C). One MBR sample is represented by one pixel. 
Abbreviations: FT, foveal thickness; IVB, intravitreal bevacizumab; MBR, mean blur rate. 



-0.80, P=0.0l) (B). Furthermore, 
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Figure 5 Relationship between foveal thickness and mean blur rate in eyes with branch retinal vein occlusion-associated macular edema. 

Notes: Pre-IVB MBR was not correlated with pre-IVB FT (P=0.77) (A), nor was post-IVB MBR correlated with post-IVB FT (P=0.l 3) (B). In addition, pre-IVB MBR was not 
correlated with post-IVB FT (P=0.32) (C). One MBR sample is represented by one pixel. 
Abbreviations: FT, foveal thickness; IVB, intravitreal bevacizumab; MBR, mean blur rate. 




Figure 6 Representative eye with diabetic macular edema. 

Notes: Images from a 59-year-old man with DME in his right eye; Fundus color photographs (A and D), color LSFG maps (B and E), and axial OCT images at fovea (C and F) 
are shown. Pre-IVB findings are above (A, B, and C) and findings I month after IVB are below (D, E, and F). In the color LSFG maps (B and E), the numbers I and 2 indicate 
the rectangular scanning areas for the retinal artery and vein, respectively; 3 and 4 indicate the circular and square scanning areas for the optic nerve head and choroid, 
respectively. Pre-IVB MBR was 30. 1 in the retinal artery, 43.6 in the retinal vein, 3 1 .0 in the optic nerve head, and 7.0 in the choroid. MBR I month after IVB was 22.6 (24.9% 
decrease) in the retinal artery, 30.3 (30.5% decrease) in the retinal vein, 24.2 (21.9% decrease) in the optic nerve head, and 5.8 (17. 1 % decrease) in the choroid. Decimal best- 
corrected visual acuity in the right eye was 0.3 before IVB and did not change I month after IVB. FT in the right eye was 425 (im before IVB and 272 ]im I month after IVB. 
Abbreviations: DME, diabetic macular edema; FT, foveal thickness; IVB, intravitreal bevacizumab; LSFG, laser speckle flowgraphy; MBR, mean blur rate; OCT, optical 
coherence tomography. 
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Figure 7 Representative eye with branch retinal vein occlusion-associated macular edema. 

Notes: Images from a 65-year-old woman with BRVOME in her left eye. Fundus color photographs (A and D), color LSFG maps (B and E), and axial OCT images at fovea 
(C and F) are shown. Pre-IVB findings are above (A, B, and C) and findings I month after IVB are below (D, E, and F). In the color LSFG maps (B and E), the numbers 
I and 2 indicate the rectangular scanning areas for the retinal artery and vein, respectively; 3 and 4 indicate the circular and square scanning areas for the optic nerve head 
and choroid, respectively. Pre-IVB MBR was 15.9 in the retinal artery, 35.7 in the retinal vein, 23.5 in the optic nerve head, and 7.2 in the choroid. MBR I month after IVB was 
14.0 (12.0% decrease) in the retinal artery, 33.4 (6.4% decrease) in the retinal vein, 26.0 (10.6% increase) in the optic nerve head, and 6.2 (1 3.9% decrease) in the choroid. Decimal 
best-corrected visual acuity in the right eye was 0.5 before IVB and did not change after I month. FT in the right eye was 364 |um before IVB and 264 |um I month after IVB. 
Abbreviations: BRVOME, branch retinal vein occlusion-associated macular edema; FT, foveal thickness; IVB, intravitreal bevacizumab; LSFG, laser speckle flowgraphy; MBR, 
mean blur rate; OCT, optical coherence tomography. 



IVB and 1 month after IVB. We observed no such association 
in the BRVO group. This is an interesting discrepancy that 
may be related to the pathogenesis of each type of macular 
edema. However, it should be noted that the characteristics 
of the two groups in our study did not match perfectly, dif- 
fering in sex distribution and pre-IVB BCVA. From these 
results, however, we believe that it is fair to speculate that 
the effect of bevacizumab on intraocular tissues changes in 
the presence of systemic diseases such as diabetes. In our 
study, the eyes with DME probably experienced the effects 
of excessive VEGF over the entire retina, while the effects 
were limited to the obstructed retinal vein and its surrounding 
tissues in the eyes with BRVOME. The eyes with BRVOME 
even showed an increase in MBR after IVB, particularly in 
the artery, although we could not confirm the significance of 
the difference statistically. If such an increase occurs, it is 
likely to be part of retinal autoregulation, as a compensatory 
increase in arterial flow rate to maintain retinal circulation. We 
believe that this is because in eyes with BRVOME, the retinal 
vessels are less damaged than in eyes with DME. Most stud- 
ies of DR have noted upregulation of inducible nitric oxide 
synthase, 35 36 with subsequent capillary degeneration, pericyte 
loss and permeability. 37 38 Though the status of ocular blood 
flow in DR is still the subject of debate, 3940 CDI and laser Dop- 
pler flowmetry have revealed that the velocity of blood flow in 
the ophthalmic artery and choroidal blood flow both decrease 
in eyes with DR. 4142 We believe that retinal autoregulation 



may be impaired in patients with DR and, furthermore, that the 
additional decrease in retinal circulation caused by IVB leads 
to an acceleration of the original chronic ischemia in eyes with 
DR, explaining the appearance of macular ischemia after IVB 
in patients with underlying diseases such as diabetes. 1415 Cau- 
tion is therefore indicated when administering anti-VEGF 
antibodies, including bevacizumab, to DR patients. Even in 
eyes with BRVOME, although IVB can lead to a temporary 
reduction of the condition, we cannot exclude the possibility 
that IVB may also cause an adverse reduction in ocular cir- 
culation, particularly in the choroid. Thus, follow-up care in 
patients undergoing IVB should include LSFG examinations 
of ocular blood circulation, in addition to standard examina- 
tions of retinal structure and function. 

It is difficult to make a prognosis on the structure and 
function of eyes with macular edema after IVB, especially 
for eyes with DME. Several biochemical mechanisms may 
contribute to the vascular disruptions that characterize DR 
and DME. 43 The pathogenesis of DME is still unclear but is 
thought to have several clinical aspects, including inflamma- 
tion, disruption of the capillary barrier, and dysfunction of 
the retinal pigment epithelium. In our study, pre-IVB MBR 
in the ONH was significantly correlated with post-IVB FT of 
eyes with DME, a result indicating that IVB is not effective 
for patients with DME and low MBR. We believe that MBR 
of the ONH can be regarded as a clinically reliable preinter- 
ventional parameter, and that the predictive value of pre-IVB 
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MBR may prove to be of importance, especially because 
LSFG measurements of MBR in the ONH have been reported 
to be highly reproducible. 44 In fact, IVB is not always fully 
effective in reducing DME, and the pathogenesis of DME 
may include an IVB-sensitive mechanism related to vascular 
hyperpermeability (elevated MBR) and a non-IVB-sensitive 
mechanism, possibly related to impairment of the retinal 
pigment epithelium. Thus, we believe that the pathogenesis 
of DME may depend not only on VEGF, but also on other 
mechanisms suppressed by corticosteroids, as intravitreal 
injection of triamcinolone acetonide showed better results 
than IVB in reducing DME and improving BCVA. 45 There 
are also reports showing that BRVOME is closely related to 
intraocular levels of cytokines such as macrophage inflam- 
matory protein- 1(3 and interleukin-6 but not of VEGF. 46 47 

Our study was limited by a small sample size, the exclu- 
sion of types of macular edema besides BRVOME and 
DME, the restriction of the data to 1 month after IVB, and 
by the fact that characteristics were not matched between the 
two groups. We were also not able to find more than a weak 
connection between visual acuity and MBR. Nevertheless, 
we believe our results show that in eyes with BRVOME, 
IVB is currently a good choice to aid in recovery of FT and 
visual acuity, without a concomitant decrease in retinal blood 
flow, at least until such time as other antibodies are ready 
for clinical use. Furthermore, we are the first to report that 
pre-IVB MBR is significantly correlated with post-IVB FT 
in patients with DME, indicating the possible existence of 
VEGF- and MBR-dependent DME. 

In conclusion, we found that in patients with BRVOME, 
there was no significant change in MBR in the retinal artery, 
retinal vein, or ONH. In patients with DME, MBR in all 
measured areas decreased significantly. Furthermore, pre- 
IVB MBR was significantly correlated with post-IVB FT 
in patients with DME, but there was no such correlation 
in patients with BRVOME. Higher pre-IVB MBR in these 
patients was an indicator of lower post-IVB FT. Measuring 
MBR with LSFG, therefore, has the potential to serve as 
a noninvasive and objective biomarker to help clinicians 
determine the value of IVB treatments for patients with DME. 
The focus of further investigation should be a determination 
of MBR relationship to the mechanism behind IVB-induced 
reduction of DME and BRVOME. 
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